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Candidates for correlated topological insulators, originated from the spin-orbit coupling as well as
Hubbard type correlation, are expected in the (111) bilayer of perovskite-structural transition-metal
oxides. Based on the first-principles calculation and tight-binding model, the electronic structure
of a LaMnO3 (111) bilayer sandwiched in LaScO3 barriers has been investigated. For the ideal
undistorted perovskite structure, the Fermi energy of LaMnO3 (111) bilayer just stays at the Dirac
point, rendering a semi-metal (graphene-like) which is also a half-metal (different from graphene nor
previous studied LaNiO3 (111) bilayer). The Dirac cone can be opened by the spin-orbit coupling,
giving rise to nontrivial topological bands corresponding to the (quantized) anomalous Hall effect.
For the realistic orthorhombic distorted lattice, the Dirac point moves with increasing Hubbard
repulsion (or equivalent Jahn-Teller distortion). Finally, a Mott gap opens, establishing a phase
boundary between the Mott insulator and topological magnetic insulator. Our calculation finds
that the gap opened by spin-orbit coupling is much smaller in the orthorhombic distorted lattice
(∼1.7 meV) than the undistorted one (∼11 meV). Therefore, to suppress the lattice distortion can
be helpful to enhance the robustness of topological phase in perovskite (111) bilayers.
PACS numbers: 73.21.Cd, 75.47.Lx, 73.20.At, 71.10.Fd
I. INTRODUCTION
Heterostructures of transition-metal oxides (TMOs)
have become one of the most attractive research top-
ics in condensed matter physics and material science.
On one hand, the wide classes of available materials of
TMOs provide a multitude of intriguing physical proper-
ties, such as superconductivity, ferromagnetism, and fer-
roelectricity, which can be incorporated into nanoscale
multilayers. On the other hand, the latest thin film tech-
nology can precisely control oxides growth up to atomic
level, which offers the possibility of device design based
on these correlated electronic materials.1–4
In particular, the tailoring of structural orientation
is an effective route to tune the electronic properties
of oxide heterostructures. For example, orientation-
dependent magnetism has been revealed in many
oxide heterostructures, e.g. LaFeO3/LaCrO3
5–7and
LaNiO3/LaMnO3.
8,9 In addition, topological phases were
predicted to emerge in the (111) bilayers of vari-
ous perovskite-type TMOs,10 since a (111) bilayer of
perovskite forms a buckled honeycomb lattice as in
silicene.11 It is well known that the Dirac-cone-type band
structure can be easily observed in such a honeycomb
lattice, while it is not common in pseudocubic lattices.
According to previous studies, topological phases usually
emerge in these systems with Dirac-cone-type bands.12,13
Following this idea, the LaNiO3 (111) bilayer sand-
wiched in LaAlO3 barriers was studied, giving a topolog-
ical insulating phase in a very narrow region driven by
strong Coulomb interaction up to U ∼ 6 eV.14–18 How-
ever, it is well known that LaNiO3 itself is a paramagnetic
metal, implying a very weak Hubbard repulsion, other-
wise a magnetic insulator would be obtained. Thus, such
a prediction, although very novel in theory, may become
nonrealistic and experimentally unaccessible. Therefore,
to find a proper perovskite system becomes meaningful
to pursuit correlated topological phase.
In this study, another well-known perovskite, LaMnO3,
will be studied in the form of (111) bilayer, to pur-
suit more realistic topological phase. For non-magnetic
LaNiO3, the e
1
g configuration is only quarter-filled for the
eg sector, leaving three unoccupied eg orbitals.
14,15 While
for magnetic LaMnO3, due to the strong Hund coupling
between the half-filled t2g electrons and eg electron, the
high-spin state makes the e1g configuration to be spin-
polarized half-filling. Therefore, these two systems are
quite different regarding the physical properties.
In following, the (LaMnO3)2/(LaScO3)4 superlattice,
as sketched in Fig. 1, will be studied using density-
functional theory (DFT) as well as tight-binding model.
LaScO3 is a nonmagnetic band insulator with a large
band gap up to 6.0 eV.19,20 Thus, the LaMnO3 bi-
layer is perfectly isolated to form a two-dimensional lat-
tice, as required. The most-widely used cubic SrTiO3
is chosen as the substrate, which’s lattice constant is
3.905 A˚. Although the LaMnO3 bulk is A-type antifer-
romagnetic, the LaMnO3 thin film on SrTiO3 can be-
come ferromagnetic easily, as repeatedly confirmed in
experiments.8,21–23 Strain may play an important role
in and tiny nonstoichiometry may also contribute to
the thin-film ferromagnetism.24,25 Such a ferromagnetic
background provides a ferroic-order to be controllable by
external magnetic field.
2FIG. 1. (Color online) Superlattice structures of the
(LaMnO3)2/(LaScO3)4 grown along the [111] direction: (a)
A unit cell constructed by cubic perovskites (without distor-
tions). (b) Top view of Mn’s plane along the [111] direction.
Two colors (purple and lilac) denote the top and bottom lay-
ers of Mn ions. (c) A unit cell constructed by orthorhombic
perovskites (with distortions). (d-e) Sketches of Mn’s hon-
eycomb lattices. The unit cells are marked by black broken
lines. The identical structural characters, A-site cations, and
approximate lattice constants ensure the possibility for epi-
taxial growth of LaMnO3/LaScO3 heterostructure in experi-
ments.
II. DFT CALCULATIONS
Our DFT calculations were performed based on the
generalized gradient approximation (GGA) with Perdew-
Burke-Ernzerhof (PBE) potentials, as implemented in
the Vienna ab initio Simulation Package (VASP).26,27
The cutoff energy of plane-wave is 550 eV. Using the
Dudarev implementation,28 the Hubbard repulsion Ueff
(= U − J) for Mn’s 3d orbitals is tuned from 0 to 4
eV. According to previous literature, Ueff = 2 eV on Mn
ions is proper to reproduce the experimental properties
of LaMnO3, including the Jahn-Teller (JT) and tilting
distortions.29 A large Ueff = 8 eV is imposed on La’s
4f orbitals to shift the 4f states of La away from the
Fermi energy.29,30 As expected, the calculated band gap
for bulk LaScO3 is 4.1 eV, which agrees with previous
calculations.20,31 This band gap, although smaller than
the experimental one due to the well-known drawback of
DFT, can still lead to a strong confinement of eg electrons
of Mn.
To demonstrate an elegant physics, the ideal cubic per-
ovskite structure is tested first (Fig. 1(a)), and the realis-
tic distorted lattice (Fig. 1(c)) will be studied later. For
the superlattice based on cubic perovskite, a 12× 12× 5
Monkhorst-Pack k -point mesh centered at Γ point is
adopted for the Brillouin-zone integrations. While for
the distorted lattice, the superlattice is built from the
original orthorhombic lattice, then both the lattice con-
stant along the pseudo-cubic (111) axis and inner atomic
positions are fully relaxed. Since the primary cell is dou-
bled in the distorted case, a 9 × 5 × 3 Monkhorst-Pack
k -point mesh centered at Γ point is adopted according
to its lattice geometry.
A. Cubic perovskite
As the first step, the [111]-orientated
(LaMnO3)2/(LaScO3)4 superlattice based on the
cubic perovskite structure is calculated. The typical
density of states (DOS) at Ueff = 2 eV is shown in
Fig. 2(a).
First, according to the total DOS, the system is a half-
metal, namely only the spin-up channel appears around
the Fermi level, while there is a large energy gap for the
spin-down channel. The states around the Fermi level
come from Mn’s 3d orbitals, as shown in Fig. 2(b). This
half-metal behavior is under expectation for manganites
and confirmed in all our GGA+U calculation (Ueff = 1,
2, 3, 4 eV as tested).
Second, the system is a semi-metal, namely the DOS
at the Fermi level approaches to zero, as in graphene.
Such a semi-metal behavior associates with the linear
band crossing, i.e. the Dirac-cone-type bands, which are
indeed confirmed in our band structure calculation. Ac-
cording to Fig. 2(c), there are four spin-up bands (formed
by the eg orbitals) around the Fermi level, as indexed
from I to IV according to their energies. The band II and
band III touch at the K point, giving the Dirac point, as
in graphene. Another interesting character is the promi-
nent flatness of bands I and IV. A quadratic band touch-
ing between bands I and II (also between bands III and
IV) occurs at the Γ point.
In contrast, no spin-down band exists around the Fermi
level, in consistent with the DOS. For other values of
Ueff ’s from 1 to 4 eV, all these characters of DOS’s
and band structures (not shown) are very similar to the
Ueff = 2 eV case, suggesting a robust physical conclusion.
The bandwidth from band I to band IV is summarized
in Fig. 2(f), which is about 1.9 eV and slightly increases
with Ueff . Protected by the trigonal symmetry, the Dirac
point is robust, which persists even if a very large Hub-
bard Ueff = 8 eV is applied on Mn’s 3d orbitals (not
shown).
Then, the SOC is enabled in the DFT calculation to
examine its effect to band structure. Due to the weak
SOC of 3d electrons, especially for the eg orbitals, the
bands I-IV are almost unaffected in whole. However, a
magnified view around the K point shows a gap at the
original Dirac point, as shown in Fig. 2(e). According to
previous experience,10 such a SOC-opened gap around
the Dirac point is very possible to generate topological
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FIG. 2. (Color online) Electronic structure of the superlattice
built by cubic perovskites. (a-e) The DOS and band struc-
tures of the (LaMnO3)2/(LaScO3)4 SL for Ueff = 2 eV: (a)
Total DOS. The Fermi energy is located at zero; (b) The pro-
jected density of states (PDOS) of Mn. (c) The band struc-
ture of the spin-up channel in the hexagonal Brillouin zone.
W denotes to the bandwidth of bands (I-IV) formed by the
eg orbitals; (d) The band structure of the spin-down channel;
(e) The band structures magnified around the high-symmetry
K point with/without the SOC. (f) The bandwidth W of eg
spin-up bands (left axis) and band gap (right axis) with the
SOC as a function of Ueff .
nontrivial bands. For Ueff = 2 eV, the gap is about 11.6
meV, equivalent to ∼ 100 K. The Ueff -dependent gap in
the SOC-enabled calculation is shown in Fig. 2(f), which
slightly increases with Ueff . Despite the gap opening,
two characters of bands II and III are kept: a) the band
dispersion of bands II and III near the K point remain to
be linear; b) the top of band II and the bottom of band
III remain at the K point.
B. Perovskite with distortions
Subsequently, the calculation is done for the super-
lattice based on the orthorhombic perovskite structure,
which is the realistic structure of LaMnO3 and LaScO3.
The DOS at Ueff = 2 eV is shown in Fig. 3(a). Similar
to the cubic perovskite structure, the system remains a
half-metal and semi-metal, namely the DOS at the Fermi
level is fully polarized and approaches to zero. For direct
comparison, the K and M points in Fig. 3 denote the
corresponding points in the Brillouin zone of simple hon-
eycomb as used in Sec.II.A.
Despite these similarities, two nontrivial characters ap-
pear in both the GGA and GGA+U calculations on the
distorted lattice, as shown in Fig. 3(b-d) and 3(f). First,
the Dirac point moves away from the K point to Γ point
gradually with increasing Hubbard Ueff . Second, the
Dirac cone opens a gap when Ueff is larger than 2 eV
even without SOC. For example, the band gap at the
Fermi level is about 65.6 meV when Ueff = 2.1 eV, which
increases to 213.7 meV when Ueff = 2.5 eV, rendering a
Mott insulator.
For those Ueff ’s below the critical value, the band struc-
tures are recalculated with SOC enabled. As shown in
Fig. 3(e), for Ueff = 2 eV, the Dirac point is opened
by SOC, although the band gap (∼1.7 meV) is much
smaller than the above value (11.6 meV at Ueff = 2 eV)
of the cubic perovskite structure. The SOC-opened gap
increases slightly with Ueff , as shown in Fig. 3(f). An-
other character of distorted lattice is that with SOC the
band dispersion is no longer linear at the top of valence
band and the bottom of conduction band.
Considering the different mechanisms for band gap
opening (the SOC-driven one when Ueff ≤ 2 eV vs. the
Hubbard U -driven one when Ueff > 2 eV), there must
be a sharp turn of gap’s value around the critical point,
which gives a sudden ‘jump’ for discrete values of Ueff .
III. TIGHT-BINDING MODEL
To better understand the physics, a two-orbital tight-
binding model for the isolated LaMnO3 bilayer is stud-
ied. In particular, the topological properties, e.g. Berry
curvatures and Chern numbers of bands, can be clearly
illustrated in the model study.
In the past decades, the two-orbital double-exchange
model has been repeatedly confirmed to be very suc-
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FIG. 3. (Color online) Electronic structure of the superlat-
tice built by distorted perovskites. (a) Total DOS for Ueff = 2
eV. The Fermi energy is positioned at zero. (b-d) The band
structures along a high-symmetric path M ′-Γ -K-M for dif-
ferent Hubbard Ueff values: (b) Ueff = 0 eV; (c) Ueff = 2 eV;
(d) Ueff = 2.1 eV. (e) The band structure magnified near the
Dirac point with/without the SOC for Ueff = 2 eV. K1 and
K2 corresponds (0.242573, 0 ,0) to (0.243905, 0, 0) respec-
tively. (f) The shift of Dirac point from the K point to Γ
point (left axis) and the band gap (right axis) as a function
of Ueff . Here, the gap for small Ueff ’s (≤ 2 eV) is opened by
the SOC (multiplied by 100 for better view), while the gap
for large Ueff ’s (> 2 eV) is opened by the Coulomb repulsion.
FIG. 4. (Color online) (a-b) Two Jahn-Teller distortion
modes (the black arrows denote the moving of oxygens along
Mn-O-Mn bonds): (a) Q2; (b) Q3.
cessful to describe the many key physical properties of
manganites.32–34 In the current situation, due to the fer-
romagnetic background, the double-exchange model de-
generates into the plain two-orbital tight-binding model.
The orbitals involved are two eg ones: d3z2−r2 and
dx2−y2 . Due to the strong Hund coupling, only the spin-
up channel is taken into account while the spin-down
channel is discarded. The model Hamiltonian reads as:
H0 = −
∑
rr′
(tabrr′d
†
r,adr′,b + h.c.) (1)
Here, r and r′ denote the lattice sites of Mn; a, b denote
eg orbitals. The hopping amplitude depends on the or-
bitals and hopping direction, given by the Slater-Koster
formula as follows:32,33
tr,r±x =
t
4
(
1 −√3
−√3 3
)
tr,r±y =
t
4
(
1
√
3√
3 3
)
(2)
tr,r±z = t
(
1 0
0 0
)
where x, y, and z are the unit vectors along three nearest-
neighbor Mn-Mn directions, respectively. And the coef-
ficient t is about 0.5 eV for LaMnO3.
35
For the eg sector, the spin-orbit coupling (SOC) is ab-
sent in the cubic symmetry, since the angular momentum
is quenched. However, in (111) bilayers, the local sym-
metry is lowered to C3, therefore, the virtual hopping
between t2g and eg orbitals can give the effective SOC
between two eg orbitals. The Hamiltonian for the effec-
tive SOC can be written as:10
Hsoc = −λ
∑
r
(id†r,adr,b + h.c.) (3)
where λ is the effective SOC coefficient.
In addition, the Hamiltonian for Jahn-Teller distortion
can be written as:33
HJT = ω
∑
i
(Q2,iτx,i +Q3,iτz,i) (4)
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FIG. 5. (Color online) Band structure of two-orbital model for
honeycomb lattice without distortions. (a) Without SOC. (b)
With SOC. The Chern number for each band is also shown.
Here a large λ = 0.1t is adopted to make the gaps visible,
while the Chern numbers will not be altered by this value.
where ω is the electron-lattice coupling coefficient. Q2
and Q3 (Fig. 4(a-b)) are Jahn-Teller distortion modes. τ
is the orbital pseudospin operator, given by τx = d
†
bda +
d†adb and τz = d
†
bdb − d†ada.
Then, the intrinsic anomalous Hall effect conductance
is calculated using the standard Kubo formula based on
the linear response theory:36–39
σnxy =
e2
h
1
2pii
∑
nmk
< nk|Jx|mk >< mk|Jy|nk > −H.c.
[εn(k)− εm(k)]2
(5)
Where |nk > is the occupied state and |mk > is the
empty state. Jx (Jy) is the x (y) components of the
current operator. The Berry curvature of each band can
be also calculated using the very similar equation, and
then the Chern number of each band can be obtained
by integrating the Berry curvature over the 1st Brillouin
zone.36,37
A. Cubic perovskite
As in above DFT studies, the model study also starts
from the ideal perovskite structure without distortions,
as sketched in Fig. 1(d). Without SOC, the band struc-
ture of two-orbital tight-binding model, as shown in
Fig. 5(a), includes two flat bands (I and IV) and the
Dirac cone at the K point formed by bands II and III.
In addition, bands I and II (III and IV) form quadratic
touching at the Γ point. All these features are identical
to the corresponding DFT result (Fig. 2(c)), implying the
correct physics captured in our two-orbital model.
Then, the SOC is taken into account. As expected,
band gaps appear at both the Γ point and K point, as
shown in Fig. 5(b). Analytically, the band gap equals 2λ
at the K point and Γ point.
In addition, the topological index, e.g. the Chern num-
ber, is calculated for the SOC-enabled bands by integrat-
ing the Berry curvature of each band, giving (1, 0 , 0, −1)
as shown in Fig. 5(b). Such a topological nontrivial band
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FIG. 6. (Color online) (a-d) The distribution of Berry curva-
ture in the 1st Brillouin zone for bands I to IV, respectively.
Noting the color schemes are identical in (a) and (d) (also
(b) and (c)). (e) The energy-dependent Berry curvature. (f)
The intrinsic anomalous hall conductance in unit of e2/h as a
function of chemical potential. (f) is obtained by integrating
the Berry curvature (e) over the energy.
structure can give rise to the quantized anomalous Hall
effect when the system is ideally stoichiometric.36,37
The Berry curvature of each band is shown in Fig. 6,
whose integral over the 1st Brillouin zone is the Chern
numbers. It is clear that the distribution of Berry curva-
ture is nontrivial for all four bands. Even for the bands II
and III whose Chern numbers are zero, the Berry curva-
tures have peaks at the K points, implying a 1/2 Chern
number contributed by each Dirac cone in the SOC-
enabled case.36,37 Then for band II (or band III), the
background of Berry curvature cancels the contribution
of two Dirac cones, giving a zero Chern number. In this
sense, although the Chern numbers for bands II and III
are zero, they are topological nontrivial when partially
filled. The energy-dependent Berry curvature is shown
in Fig. 6(e). The intrinsic anomalous hall conductance
6as a function of chemical potential is shown in Fig. 6(f).
B. Perovskite with distortions
Finally, the distorted orthorhombic system (see
Fig. 1(e)), is studied using the tight-binding model.
For the distorted lattice, an important physical issue
is the Jahn-Teller distortion which is quite prominent
in LaMnO3 bulk and contributes to the special 3x
2 −
r2/3y2 − r2 type orbital ordering.
In fact, it is well accepted that the typical Mottness of
two eg orbitals in manganites involves the charge order-
ing and orbital ordering, which originate from the dis-
tortions of structure.32–34,40,41 According to substantial
literature, the model with either purely Coulomb interac-
tions or Jahn-Teller electron-lattice coupling can be suc-
cessful to reproduce many experimental properties.32–34
The physical similarity is that both interactions split the
multi-eg-bands, giving rise to the Mottness. In this sense,
the Jahn-Teller effect and Coulomb repulsion are qualita-
tively equivalent, although not exactly identical. There-
fore, the topological-Mott transition obtained in above
DFT calculation, can be qualitatively mimicked by the
Jahn-Teller interaction in the tight-binding model.
By measuring the DFT-relaxed Mn-O bonds (see
Fig. 7 (a) for example), the Jahn-Teller modes are ob-
tained. For example, when Ueff=2 eV, Q2(Mn1)=0.303
A˚, Q3(Mn1)=−0.067 A˚, Q2(Mn2)=−0.018 A˚,
Q3(Mn2)=0.073 A˚, Q2(Mn3)=0.018 A˚, Q3(Mn3)=0.073
A˚, Q2(Mn4)=−0.303 A˚ and Q3(Mn4)=−0.067 A˚. By
fitting the DFT bands (Fig. 3(c)) at the Γ point, the
double exchange hopping amplitude t and the Jahn-
Teller coefficient ω can be obtained as 0.45 eV and 1.3
eV/A˚ respectively.42
The model’s band structures for the expanded unit cell
without and with the Jahn-Teller distortions are shown
in Fig. 7(b) and 7(c), respectively. When the Jahn-Teller
interaction is not considered (by setting ω = 0), Fig. 7(b)
shows the Dirac point locating at the K point, as ex-
pected. And the top and bottom flat bands are double-
degenerated due to the Brillouin zone folding since the
unit cell (Fig. 1(e)) is doubled. When the Jahn-Teller
interaction is considered, the Dirac point moves to the
Γ point, and the degeneration of top and bottom bands
is split, as shown in Fig. 7(c). All these features have
also been observed in above DFT calculations, implying
the correct physics captured in the model. As shown in
Fig. 7(d), a gap is opened by incorporating the SOC,
which is also identical to above DFT result presented in
Sec.II.B. Moreover, the Mott transition can be obtained
by using a Jahn-Teller coefficients (see Fig. 7(e)).
Thus, to better understand underlying mechanism, the
band gap around the Fermi level is studied upon the tun-
ing of relevant parameters of Eq. 3 and Eq. 4 (e.g. λ and
ω), as shown in Fig. 8(a-b). For simplify, the aforemen-
tioned values of Q’s at Ueff=2 eV will be adopted. First,
for a small Jahn-Teller coefficient (e.g. ω ≤ 2.2 eV/A˚),
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FIG. 7. (Color online) (a) The sketch of optimized Mn-O-Mn
bond angles (θ) and Mn-O bond lengths for the orthorhombic
system. (b-e) The tight-binding band structures for the ex-
panded lattice (Fig. 1(c)): (b) Without the Jahn-Teller dis-
tortion; (c) With the Jahn-Teller distortion; ω1=1.3 eV/A˚;
(d) With the Jahn-Teller distortion (ω1=1.3 eV/A˚) and SOC.
Here an overlarge λ=30 meV is used to make the band gaps
visible. (e) The Mott transition is generated by a larger Jahn-
Teller coefficient (ω2=2.7 eV/A˚) without SOC.
the band gap is linearly in proportional to the SOC coef-
ficient λ. In this sense, in this small ω region, the Jahn-
Teller distortion will not alter the topological feature of
bands, although the position of Dirac cone moves to Γ
point with increasing ω (Fig. 8(b)). When ω goes beyond
this criterion, e.g. ω = 2.3 eV/A˚, the Jahn-Teller inter-
action itself opens a band gap while the SOC can only
slightly tune the gaps value. Therefore, such a band gap
suggests a Mott insulator, as in the LaMnO3 bulk.
43 In
this sense, the Jahn-Teller distortion, which prefers the
Mottness, can suppress the topological phase of LaMnO3
bilayer. In fact, even in the small ω region, the value of
SOC-opened band gap is suppressed with increasing ω.
IV. CONCLUSION
In summary, using the first-principles calculation and
tight-binding model, we studied the electronic structures
of the (111) LaMnO3 bilayer sandwiched in LaScO3 bar-
riers. In general, the system presents half-metal and
semi-metal (with Dirac cones) behavior when the spin-
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FIG. 8. (Color online) Results of the two-orbital model with
Jahn-Teller distortion and SOC. (a) The band gap as a func-
tion of the effective SOC parameter λ with various Jahn-Teller
coefficients. (b) The shift of Dirac point (red circles) from the
K point to Γ point (left axis) as a function of the Jahn-Teller
coefficient without SOC. The band gap (right axis) as a func-
tion of the Jahn-Teller coefficient without SOC (blue solid
circles) and with SOC (multiplied by 3 for better view) (blue
open circles).
orbit coupling is not taken into consideration. Then,
the spin-orbit coupling can open a gap for the Dirac
cone, rendering a topological magnetic insulating phase
(Chern insulator), as confirmed by the tight-bonding
model. In addition, the orthorhombic distortion, can
move the Dirac cone position from the high symmet-
ric K point to Γ point, driven by the Jahn-Teller effect
as well as the Coulomb repulsion. A Mott gap appears
when the Jahn-Teller effect (or the equivalent Coulomb
repulsion) is strong enough, suppressing the topological
properties of bands. Thus, to pursuit a magnetic topolog-
ical phase in perovskite (111) bilayer, it is better to sup-
press the lattice distortions. Among all undoped RMnO3
(R: rare earth), LaMnO3 owns the weakest lattice distor-
tion, implying the best choice. Furthermore, other spe-
cial manganites, e.g. quadruple perovskites with weak
Jahn-Teller modes,44 and proper strain from substrates,
may provide more feasible choices to obtain perovskite
structure that more close to the idea cubic limit.
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